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(54) Title: NICKEL ALLOY PROBE CARD FRAME LAMINATE 




(57) Abstract: A probe head 
assembly (66) for use in a vertical 
pin probing device of the type 
used to electrically test integrated 
circuit devices has a metallic 
spacer (74, 76) portion formed 
from a plurality of laminated 
metallic layers (74a-74e, 76a-76e). 
The laminated metallic layers 
(74a-74e, 76a-76e) are formed 
from a low coefficient of thermal 
expansion metal, such as Invar, a 
36 % nickel-64 % iron alloy. By 
orienting the metallic grains of the 
laminated metal layers (74a-74e, 
76a-76e) to be off- set from the 
orientation of metallic grains of 
adjacent foil layers (74a-74e, 
76a-76e), increased strength and 
flatness is achieved. 
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WO 02/061443 PCT/US02/02722 
NICKEL ALLOY PROBE CARD FRAME LAMINATE 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The invention relates to a combination of an upper die and a lower die that guides 

small diameter test pins in semiconductor test equipment, such as a vertical pin probing 
device. More particularly, the upper die and the lower die have an apertured frame portion 
formed by laminating a plurality of relatively thin metallic layers of a low coefficient of 
thermal expansion (CTE) alloy. A low CTE ceramic insert having an array of holes seals 
the aperture and guides the small diameter test pins. 

(2) Description of the Related Art 
The manufacture of integrated circuits has progressed to where on the order of 

hundreds of individual integrated circuit (IC) chips are formed by photolithography on a 
15 single, relatively large, on the order of 20.3 cm (8 inch) in diameter silicon wafer. After 
manufacture and test, the individual chips are singulated for assembly into individual 
devices. Since it is easier to handle the relatively large silicon wafers, functionality testing 
of the chips is preferably conducted prior to singulation. A number of test devices are 
available to test the chips on the wafer. Integrated circuits in their wafer state are tested 
20 using probing devices, the probes of which are traditionally of cantilevered or vertical 

configuration. In a known type of vertical pin probing device, the probes are held between 
spaced upper and lower dies and are generally curved with a straight portion that protrudes 
substantially perpendicular through the lower die of the housing. As the wafer under test is 
raised into contact with the probing device, and then overdriven a few thousandths of an 
25 inch, the probes recede into the housing and the curved portion of the probe deflects 

causing spring force that provides good electrical contact with the integrated circuit pads. 

Traditionally, the housing that guides the probe pins is made from a dielectric 
material, often a plastic such as Delrin®, trademark of E.I. duPont de Nemours & Co, 
Wilmington, DE. A number of IC test protocols involve testing chip functionality at two 
30 or more different temperatures, for example, 0°C and 135°C (32°F and 275°F). The 

plastic prior art probe housing expands with a significantly higher thermal expansion rate 
than that of the silicon base material of the IC wafer under test. The expansion differential 
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causes a mismatch of the probe locations and the IC pad locations, a condition that not 
only results in failure to make satisfactory electrical contact, but may result in fatal 
damage to the IC due to probe penetration in the circuit region of the IC. 

One solution to this problem is to dimensionally compensate the room temperature 
pitch dimensions of probes in the housing so that at the specified test temperature it will 
have expanded to provide a nearly exact match of probe and pad positions. Except for 
temperatures within a narrow range, this option requires separate probe devices for each 
specific temperature, thus greatly increasing the user's monetary investment in probe 
devices. 

Another solution would be to find a plastic or other suitable dielectric that matches 
the coefficient of thermal expansion of the silicon wafer. To date, however, the most 
practical choices of dielectric materials have expansion rates much higher than silicon. 
Plastics generally have a limited high temperature capability, thereby preventing their uses 
for high temperature probing of ICs. 

United States patent number 6,163,162 entitled, "Temperature Compensated 
Vertical Pin Probing Device" discloses forming the portion of the housing that guides the 
pins from a low CTE metal, Invar. Invar is a trademark of Imphy, S.A. Invar is an alloy 
having a nominal composition, by weight, of 36% nickel and 64% iron and a CTE that is 
approximately equal to that of silicon. 

Invar is electrically conductive. To prevent the housing from electrically shorting 
the pins, the patent discloses coating the pin guiding recesses with a dielectric such as a 
polymer or ceramic. The dielectric may be disposed into the recesses as either a coating or 
as an insert. A disclosed polymer is Vespel®, a trademark of DuPont. A disclosed 
ceramic is Macor®, a trademark of Coming Glass Works, Corning, NY. Typically, if the 
dielectric is a ceramic, an anti-stick coating is applied to the ceramic. A suitable anti-stick 
coating is disclosed to be XYLAN^ manufactured by Whitford Corporation. 

United States patent number 6,297,657 entitled, "Temperature Compensated 
Vertical Probing Device" discloses that rather than the die housing being a machined 
block of Invar, multiple layers of Invar foil may be coated with an adhesive and laminated 
together to form the die housing. This construction is also electrically conductive and 
requires the pin guiding recesses to be coated with a suitable dielectric. 
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Spacing between circuit traces on the chips under test are on the order of a few 
microns. As a result, the probe head assembly has extremely tight tolerances. The frame 
must be extremely flat and accurately machined. This has proven cun*~ ~ 1 e 

Invar frames having a u«~—. - ~- — "™ ^ lhat may farther 

5 contain machined pockets with a depth on the order of 2.29 mm (0.09 inch) for holding up 
to 4000 probes with a 0.15 mm (0.006 inch) pitch. In addition to the time and expense 
associated with complex, traditional machining processes, removing large amounts of 
metal across a thin frame tends to stress and deform the frame resulting in high rates of 
rejection for the finished machined part. 
10 There therefore exists a need for a relatively low-cost process for the manufacture 

of probe card frames characterized by precision forming, a low rate of rejection and a 
substantial absence of internal stresses imparted by machining. 

BRIEF SUMMARY OF THE INVENTION 

15 

The above-stated objects, features and inventions will become more apparent from 
the specification and drawings that follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Fig. 1 is a cross sectional view of a vertical pin probing device as known from the 

prior art. 

Fig. 2 is a magnified cross sectional view of a die portion of the vertical pin 

probing device of Fig. 1 . 

Fig. 3 is a top planar view of a die in accordance with the invention for use in a 

25 vertical pin probing device. 

Fig. 4 is a cross-sectional view of the die of Fig. 3. 

Fig. 5 is a magnified cross-sectional view of a portion of the die of Fig. 3. 
Fig. 6 is a top planar view of a die in accordance with an alternative embodiment 
of the invention for use in a vertical pin probing device. 
30 pig. 7 i s a cross-sectional view of the die of Fig. 6. 

Fig. 8 is a magnified cross-sectional view of a portion of the die of Fig. 6. 
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Fig. 9 is a schematic diagram of how a metal strip acquires an anisotropic grain 
structure during rolling as known from the prior art. 

Fig. 10 is a perspective view of die lamination layers oriented according to grain 
structure in accordance with an embodiment of the invention. 
5 Fig. 1 1 shows in block diagram a method for the manufacture of a die frame for 

use with the die of Fig. 6. 

DETAILED DESCRIPTION 
Figs. 1 and 2 illustrate a vertical pin probing device used with an interconnecting 

10 device called a "space transformer' 1 and a printed circuit board as known from the prior art. 
With reference to Fig. 1, a printed circuit test board 10 sometimes called a "probe card' 1 
includes conductive traces 12 which are connected in test circuit relationship to integrated 
circuit test equipment (not shown). In practice, the traces 1 2 lead to "pogo pads" on the 
printed circuit board, to which the external test equipment leads are connected in a 

15 prescribed test, An integrated circuit 14 or other device under test is supported on a 

movable chuck 16. Integrated circuit 14 typically has a pattern or matrix of contact pads 
to be simultaneously probed by a vertical-pin integrated circuit probe head assembly 18, 
such as the COBRA® probe head sold by Wentworth Laboratories of Brookfield, CT. 
Typically, the IC will be one of a large number of chips have circuit features that were 

20 formed by photolithography on a silicon, or gallium arsenide, wafer. After testing, the 
chips are separated, sometimes referred to as singulation. Probing device 18 includes a 
first die 20 with an array of first holes and second die 22 with an array of second holes 
separated by a spacer 24 and carrying multiple vertical pin probes 26, 28. The die 
materials are typically made of aplastic insulating material such as Delrin® acetyl resin. 

25 Fig. 2 is an enlarged cross-sectional view that illustrates representative probe 26 

which includes a probe tips 26a protruding from one of the first array of holes 21 and 
probe head 26b protruding from one of the second array of holes 23. The holes 21, 23 
containing the opposite ends of the vertical probe pin 26 are slightly offset from one 
another and the probe pins are curved in a snake-like configuration to promote buckling, 

30 so as to create substantially uniform contact pressure on the integrated circuit pad 14a 
despite any slight vertical unevenness or misalignment. 
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With reference back to Fig. 1, space *- \.«s*- .» 29 includes a mountingjjloclc^o- ' 
with a well 32 formed therein. At the 1 ,aom of the well, a number of>"~s^4~are laid out 
to dimensionally correspond to . nrst small inner pattern de* <d by the exposed heads 
26b of the probe head assembly 18. Th^ •; .ooe head assembly 18 is shown separated from 
5 the space transform 29 for ^ lty but is connected thereto in actual operation by screws 
(not shown). 

individual insulated wire 36 is connected to PCB trace 12 at one e^ _ on the 
■ 'her end, the wire extends into a hole 34 in the mounting block 30~<'*s to be in electrical 
contact with prooc on the underside of Kw- " ' ..e probe head assembly 

10 1 8 is bolted to the space transformer 29. 

Space transformer 29 is attached to the PC board by means such as screws 38, and 
an epoxy potting compound 39 immobilizes wire 36. The probe head assembly 18 is 
attached to the underside of space transformer 29 by screws (not shown), so that probe 
head 26b makes electrical contact with wire 36. The integrated circuit 14 has a number of 
1 5 spaced contact pads 1 4a that are in physical contact, and electrical continuity, with probe 
tip 26a during a functionality test. If the coefficient of thermal expansion of the die 
material is substantially different from the coefficient of thermal expansion of the silicon 
wafer (approx. 1.6x10* inch/inch/°F that is approx. 2.8xlO" 6 mWK) probe tip 26a may 
not effectively contact the contact pad 14a over a range of test temperatures. 
20 Referring now to Figs. 3, 4 and 5, the improved temperature compensated vertical 

pin probe head assembly is indicated generally by reference numeral 40 and include a first 
die member 42 and a second die member 44. The dies are held together and mounted to 
the mounting block 30 (shown in Fig. 1) by screws or other fasteners (not shown) passing 
through suitably placed holes 46 around the perimeter. Each of the first and the second die 
25 members 42, 44 includes a spacer member 48, 50 respectively with an aperture 52, 54 
respectively. The apertures 52, 54 may be any suitable shape to conform to the IC under 
test and are typically rectangular in shape. The apertures 52, 54 are sealed by a thin 
dielectric sheet 56, 58 respectively. 

The spacer members 48, 50 are fabricated from a substrate core material having a 
30 coefficient of thermal expansion as close as possible to that of the silicon making up the 
circuit substrate. One preferred material is Invar. Invar has a coefficient of thermal 
expansion of l.OxlO 6 inch/inch/°F (1.8xl0 6 meter/meter/°K) at a nominal weight 
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composition of 36% nickel, which is slightly less than that of silicon. The thermal 
coefficient of expansion may be varied so as to coincide exactly with that of silicon, if 
desired, by adjusting the percentage of nickel in the alloy as known in the art. (Sisco, 
Modern Metallurgy for Engineers 2nd Edition p. 299). Other low CTE metals and metal 
5 alloys having a CTE within about 4x 1 0' 6 inch/inch/°F (7x 1 0* 6 m/m/°K) that of silicon may 
also be used. 

Dielectric sheets 56, 58 are formed from any rigid dielectric having a CTE within 
about 4x1 0~ 6 inch/inch/°F (7x1c 6 m/m/°K) that of silicon and maintain structural integrity 
over the range of test temperatures. Suitable materials include ceramics and glasses with 
10 silicon nitride ceramic (CTE = 1 .7xl0" 6 inch/inch/°F O.OxlO" 6 m/m/°K) being most 
preferred. 

As previously known in the art, probe pins 64 extend between the pattern of spaced 
and offset holes 60, 62 in the dielectric sheets 56, 58 supported by spacer members 48, 50 
of first and second die members 42, 44 respectively. One end of the probe pin 64 

15 terminates in probe tip 64a which is disposed and makes electrical contact with wires 
(such as 36 of Fig. 1) leading to the printed circuit test board. The opposing end of the 
probe pin 64 terminates in a probe tip 64b which slides in hole 62 in known manner during 
probing of a wafer under test. 

Referring to the cross sectional view of Fig. 4 taken along lines A- A of Fig. 3, it is 

20 seen that the periphery of the first dielectric sheet 56 is mounted on a first surface 65 of 

spacer member 48 and second dielectric sheet 58 is mounted on a first surface 67 of spacer 
member 50, so that the two dielectric sheets are held apart in spaced relationship. The first 
dielectric sheet 56 contains a plurality of holes 60 drilled by laser or other suitable means 
in a predetermined first pattern of holes. The second dielectric sheet 58 contains a 

25 plurality of holes 62 similarly drilled by laser or other suitable means in the same 

predetermined pattern, except that the pattern is offset from the first pattern by a small 
amount, typically on the order of 0.51 mm (0.02 inch). . 

With reference to the enlarged cross sectional drawing of Fig. 5, which is not to 
scale, aperture 52 in spacer member 48 is enlarged about its periphery in the first surface 

30 65 to provide a ledge 52a, and a similar peripheral ledge 54a is provided in the first 

surface of spacer member 50. The first dielectric sheet 56 is relatively thin (nominally 0.25 
mm (0.01 inch) and the second dielectric sheet is also relatively thin, but typically thicker 
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